Introduction {#s0001}
============

Colorectal cancer (CRC) remains the third most prevalent cancer type and leading cause of cancer-related deaths with 1.8 million cases and 862,000 deaths worldwide during 2018.[@cit0001] The occurrence and progression of CRC result from a wide array of cellular transformation processes, which include genetic and epigenetic mutations that drive uncontrolled cell proliferation and escape from apoptosis.[@cit0002]--[@cit0004] Chemotherapy and surgery remain the major therapeutic treatment for CRC patients.[@cit0005] Fluoropyrimidine-based chemotherapy (eg, 5-fluorouracil) has been used as the first-line systemic chemotherapy of treating advanced CRC for over a half century.[@cit0006] However, most patients receiving chemotherapy finally develop drug resistance, which is considered to be the major reason for CRC therapy failure.[@cit0007] Furthermore, even though chemotherapy has significant antitumor activity, the side effects can affect the quality of a patient\'s life, which makes the new therapeutic approaches urgent.

Traditional Chinese medicines, such as *Dendrobium*, have been shown to exert anticancer activity in many kinds of cancers.[@cit0008],[@cit0009] Erianin (2-methoxy-5-\[2-(3,4,5-trimethoxy-phe-nyl)-ethyl\]-phenol; [Figure 1A](#f0001){ref-type="fig"}), a natural compound derived from *Dendrobium candidum*, shows various pharmacological activities and therapeutic potential to inhibit multiple cancers in vivo and in vitro.[@cit0010]--[@cit0016] Li et al demonstrated that erianin inhibited the proliferation of acute promyelocytic leukemia HL-60 cells by regulating the expression of bcl-2 and bax.[@cit0010] In addition, erianin caused moderate growth delay in xenografted human hepatoma Bel7402 and melanoma A375.[@cit0011] Furthermore, erianin induced cell cycle G2/M-phase arrest and apoptosis via the JNK signalling pathway in osteosarcoma and bladder cancer.[@cit0012],[@cit0013] Erianin can also inhibit cell invasion, metastasis and angiogenesis in lung cancer and breast cancer by the regulation of IDO, MPP and TIMP expressions.[@cit0014],[@cit0015] Interestingly, besides the function on cell growth, apoptosis, and migration, erianin was found to strongly affect the serum levels of cytokines and immune response in liver cancer.[@cit0016] More importantly, in addition to the anticancer effects, previous a study also suggested that erianin had no major organ-related toxicities.[@cit0012]Figure 1Erianin inhibited CRC cells growth. (**A**) Chemical structure of erianin. (**B** and **C**) SW480 and HCT116 cells were treated with indicated concentration (**B**) and time (**C**) of erianin, cell viability was assessed by CCK8 assay. \**P* ˂0.05, \*\**P* ˂0.01. (**D** and **E**) NCM460 cells were treated with indicated concentration (**D**) and time (**E**) of erianin, cell viability was assessed by CCK8 assay. (**F**) SW480 and HCT116 cells were performed colony formation assay after being treated with indicated concentration of erianin.

However, to the best of our knowledge, neither the mechanism nor the effect of erianin on colorectal cancer has been reported. Hence, in this study, we evaluate the antitumor potential and molecular mechanisms of erianin in human colorectal cancer SW480 and HCT116 cells and provide a theoretical basis of erianin application for colorectal cancer therapy.

Materials and Methods {#s0002}
=====================

Materials {#s0002-s2001}
---------

Antibodies against cleaved PARP (cat \# 5625), Bak (cat \# 12105), Bax (cat \# 14796), Bcl-2 (cat \# 15071), Bcl-xL (cat \# 2764), β-catenin (cat \# 8480), cyclin D1 (cat \# 55506), c-Myc (cat \# 18583), HDAC2 (cat \# 57156), and GAPDH (cat \# 5174) were purchased from Cell Signaling Technologies (Danvers, MA, USA). Antibody against α-tubulin (cat \# T6199) was purchased from Sigma Aldrich Co. (St Louis, MO, USA).

Erianin was purchased from Shanghai Yuanye Bio-Technology Co., Ltd (China) and dissolved in DMSO. Wnt/β-catenin signaling inhibitor WNT974 was purchased from MedChemExpress (Monmouth Junction, NJ  USA) and dissolved in DMSO.

Cell Culture {#s0002-s2002}
------------

The human colorectal cancer cell lines SW480 and HCT116 were purchased from American Type Culture Collection (ATCC, Manassas, VA, USA). Cells were maintained in RPMI1640 medium supplemented with 10% FBS (Thermo Fisher Scientific, Waltham, MA, USA), 100 U/mL penicillin and 100 µg/mL streptomycin (Thermo Fisher Scientific) and cells were cultured at 37°C with 5% CO~2~.

Cell Viability and Colony Formation Assay {#s0002-s2003}
-----------------------------------------

Cell viability was assessed with the Cell Counting Kit 8 (CCK8, Dojindo, Japan) according to the manufactorer's instructions.

For the colony formation assay, CRC cells (1000 cells/well) were seeded in a six-well plate and maintained in medium for 10--14 days. Subsequently, the colonies were fixed with 4% paraformaldehyde and stained with 0.1% crystal violet, and the number of clones was counted using an inverted microscope.

Quantitative Real-Time PCR (qRT-PCR) {#s0002-s2004}
------------------------------------

Total RNA from CRC cells was isolated using RNA isolation kit (Omega, Norcross, GA, USA) according to the manufacturer's protocol. Total RNA (1 µg) was used as the template for cDNA synthesis by using iScript^TM^ Reverse Transcription Super mix kit (Bio-Rad Laboratories Inc., Hercules, CA, USA) before the samples were analyzed using SYBR green master mix on a real-time PCR system (Bio-Rad Laboratories Inc.). The primer sequences used were as follows: c-Myc, forward 5ʹ- AAACACAAACTTGAACAGCTAC-3ʹ, reverse 5ʹ- ATTTGAGGCAGTTTACATTATGG-3ʹ; cyclin D1, forward 5ʹ-AGGCGGATGAGAACAAGCAGA-3ʹ, reverse 5ʹ-CAGGCTTGACTCCAGAAGGG-3ʹ; CD47, forward 5ʹ-GGCAATGACGAAGGAGGTTA-3ʹ, reverse 5ʹ-ATCCGGTGGTATGGATGAGA-3ʹ; and GAPDH, forward 5ʹ‑CACCCACTCCTCCACCTTTG‑3ʹ and reverse 5ʹ‑CCACCACCCTGTTGCTGTAG‑3ʹ. The 2-ΔΔCq method was used to calculate the relative expression levels.

Western Blotting {#s0002-s2005}
----------------

For Western blotting, 20 μg cellular protein extracts were separated in SDS-PAGE gel and were then transferred to nitrocellulose membranes (EMD Millipore, Burlington, MA, USA). The membrane was blocked with 5% non-fat milk and incubated with primary antibodies overnight at 4°. Then, the membranes were incubated with secondary antibody and the proteins were visualized using Super Signal West Pico Chemiluminescent Substrate (Thermo Fisher Scientific).

Transit Transfection {#s0002-s2006}
--------------------

Plasmid pEGFP-N1-beta-catenin was purchased from Addgene (Watertown, MA, USA). Lipofectamine 2000 (Thermo Fisher Scientific,  Carlsbad, CA, USA) was used for transit transfection according to the instructions.

β-catenin siRNA was purchased from Sigma-Aldrich Co. Lipofectamine RNAiMAX (Thermo Fisher Scientific) was used for transfection according to the instruction.

Cell Cycle Analysis {#s0002-s2007}
-------------------

After treated with vehicle or indicated drugs, CRC cells were harvested by trypsinization, fixed with 70% ethanol, and retained at −20°C overnight. After cells were centrifuged and washed with PBS, they were resuspended in propidium iodide (PI) solution containing RNase (100 μg/mL) in the dark at room temperature for 30 min and then studied in a flow cytometer.

Caspase-3/7 Activity Assay {#s0002-s2008}
--------------------------

Apo-ONE™ homogeneous caspase-3/7 assay (Promega Corporation, Madison, WI, USA) was used to measure caspase-3/7 activity. Briefly, Apo-ONE^®^ homogeneous caspase-3/7 reagent (100 μL/well) was added to a 96-well plate, and the plate was then placed on a shaker for five minutes (300--500 rpm) before incubating for 12 h at room temperature. The reading of each well was measured by spectrofluorometer.

Apoptosis Assay by Annexin V {#s0002-s2009}
----------------------------

Annexin V-FITC staining was used to detect the extent of apoptosis induced by erianin. Briefly, CRC cells were treated with erianin for 48 h, and were then collected and resuspended in 200 μL annexin V-binding buffer and 5 μL PI for 10 minat room temperature in the dark. Then the cells were finally analyzed by the flow cytometry (BD FACS Calibur) with an emission filter of 600 nm for PI (red) and 515--545 nm for FITC (green).

Apoptosis Assay by DAPI {#s0002-s2010}
-----------------------

The effect of erianin on apoptosis induction was evaluated by DAPI staining assay. CRC cells 2×10^3^ were seeded in a 96-well plate. After treatment, the cells were washed three times with PBS and 4% paraformaldehyde was added to each well for fixation. After permeabilization with Triton-X-100 solution (0.1%), DAPI solution (0.1%) was added. The cells with condensed and fragmented chromatin were analyzed by ECHO fluorescence microscopy.

Cellular Thermal Shift Assay {#s0002-s2011}
----------------------------

For cellular thermal shift assay, CRC cells were pretreated with 10 μM MG132 for one hour, and then incubated with erianin for four hours. After washing with ice-cold PBS, cells were aliquot into PCR tubes (100 μL each) and incubated at different temperatures for four minutes. After being frozen and thawed twice using liquid nitrogen, cells were centrifuged and proteins were analyzed by Western blotting.

TOP/FOP Luciferase Reporter Assay {#s0002-s2012}
---------------------------------

The transcriptional activity of β-catenin was assessed using the TOP/FOP dual-luciferase reporter system (Dual-Glo™ Luciferase Assay System, Promega). The Renilla luciferase plasmid pRLTK (Promega), which controls for transfection efficiency, was cotransfected with β-catenin-responsive firefly luciferase reporter plasmid Top*Flash* (EMD Millipore) or the negative control Fop*Flash* (EMD Millipore) using the lipofectamine 2000 (Thermo Fisher Scientific). Cells were harvested after 24 h in culture and the luciferase activity was determined by the Luciferase Assay System (Promega) using a Microplate Luminometer (Berthold, Bad Wildbad, Germany).

Flow Cytometry Analysis {#s0002-s2013}
-----------------------

Erianin treated CRC cells were washed, and resuspended in 100 μL FACS buffer and stained with FITC-conjugated anti-CD47 (BD Biosciences, San Jose, CA, USA) antibodies. All samples were incubated for 30 minutes at 4°C, and then washed twice with FACS buffer. Flow cytometry analyses were performed on BD FACS Canto II.

In Vitro Phagocytosis Assay {#s0002-s2014}
---------------------------

For phagocytosis assay, THP1 derived macrophages were seeded in a six-well tissue culture plate. Erianin-treated CRC cells were washed and labeled with 2.5 μM of carboxyfluorescein succinimidyl ester (CFSE) (Thermo Fisher Scientific). After incubating macrophages in serum-free medium for two hours, CFSE-labeled CRC cells were added to the macrophages for another two hours at 37°C; macrophages were then washed and imaged with an inverted microscope. The phagocytosis efficiency was calculated as the number of macrophages containing CFSE-labeled CRC cells per 100 macrophages.

Chromatin Immunoprecipitation (ChIP) Assay {#s0002-s2015}
------------------------------------------

ChIP assays were performed using the SimpleChIP^®^ Enzymatic Chromatin IP Kit (Cell Signaling Technologies) according to manufacturer\'s instructions using the antibodies against H3K27AC. Immunoprecipitated DNA was analyzed by QRT-PCR using the following primers: CD47 promoter fragment 1: F: 5′-AGGATGAATGATGTGGCCTGT-3′ and R: 5′- CAAACAGGCATTAGCAGCGT-3′; fragment 2: F: 5′-GGGGATGTGTTGGATACGCT-3′ and R: 5′- CTCTGCGTTCGGCTCGTCTA-3′; fragment 3: F: 5′-AGGGAAGAGCAGAGCGAGTA-3′ and R: 5′- TTGCTTTCACTCCCACCCTC-3′; fragment 4: F: 5′-AGAGAGAGGACAGTGGGGC-3′ and R: 5′- CCAGTCGCAGGCTCCAGA-3′; fragment 5: F: 5′- GCCGCGTCAACAGCA-3′ and R: 5′- AAAGGCATCATTCTTGGAAATTGT-3′.

In Vivo Xenograft {#s0002-s2016}
-----------------

NOD/SCID (Shanghai Slac Laboratory Animal Co., Ltd, China) mice were injected (subcutaneously in right flank) with 5.0⨰10^6^ SW480 cells per mouse suspended in 75 µL PBS and mixed with an equal volume of matrigel. Animals with tumors (volume \~100 mm^3^) were divided into two groups (n=6) and treated with either placebo or 50 mg/kg erianin for continuously three weeks by intraperitoneal injection. Tumor size were measured at the indicated times. All the animal-related procedures were approved by the Animal Care and Use Committee of The Changchun University of Chinese Medicine. All animal experiments were conducted according to the NIH Guide for the Care and Use of Laboratory Animals.

Statistical Analysis {#s0002-s2017}
--------------------

Data were presented as mean ±SD from three independent experiments. *P* value was determined using paired Student's *t*-test, and a *P* value ˂0.05 was deemed to indicate statistical significance.

Results {#s0003}
=======

Erianin Inhibited CRC Cell Growth {#s0003-s2001}
---------------------------------

[Figure 1A](#f0001){ref-type="fig"} illustrates the chemical structure of erianin. To investigate the inhibitory effect of erianin on CRC cell viability, we treated two CRC cell lines (SW480 and HCT116) with different concentrations of erianin (0, 20, 40, 80, and 100 nM) for 24, 48, 72, and 96 h. As shown in [Figure 1B](#f0001){ref-type="fig"} and [C](#f0001){ref-type="fig"}, erianin treatment significantly inhibited the viability of CRC cells in a dose- and time-dependent manner. Importantly, erianin did not show cytotoxic effects on normal human colon mucosal epithelial cell line, NCM460 ([Figure 1D](#f0001){ref-type="fig"} and [E](#f0001){ref-type="fig"}). In addition, consistent with the short-term growth assay, our colony-forming unit assay also showed that erianin inhibited the colony formation ability of SW480 and HCT116 cells ([Figure 1F](#f0001){ref-type="fig"}).

Erianin Elevated Cell Cycle Arrest and Apoptosis {#s0003-s2002}
------------------------------------------------

To verify the causal relation of cell viability inhibition, the cell cycle distribution was analyzed. Erianin increased cell number at G2/M phase, but decreased cell number at S and G0/G1 phases after 24-h incubation with indicated concentration in SW480 and HCT116 cells ([Figure 2A](#f0002){ref-type="fig"} and [B](#f0002){ref-type="fig"}). To explore the effect of erianin on apoptosis, we examined the activity of caspase 3/7, the protein level of cleaved PARP, Bax, Bak, Bcl-2, and Bcl-xL. As shown in [Figure 2C](#f0002){ref-type="fig"}--[E](#f0002){ref-type="fig"}, the activity of caspase 3/7, protein level of cleaved PARP, Bak, and Bax (pro-apoptosis) increased as the concentration of erianin increased. In contrast, the protein level of Bcl-2 and Bcl-xL (anti-apoptotic) decreased after erianin treatment ([Figure 2E](#f0002){ref-type="fig"}). Annexin V flow cytometry and DAPI staining further confirmed that erianin could induce cell apoptosis ([Figure 2F](#f0002){ref-type="fig"} and [G](#f0002){ref-type="fig"}).Figure 2Erianin elevated cell cycle arrest and apoptosis. (**A** and **B**) SW480 and HCT116 cells were treated with erianin for 48 h and then analyzed by PI staining to determine cell cycle phase distribution. (**C**) SW480 and HCT116 cells were treated with erianin for 48 h, the relative caspase-3/7 activity was measured using Apo-One™ homogenous caspase-3/7 assay. \**P* ˂0.05, \*\**P* ˂0.01. (**D** and **E**) The protein level of cleaved PARP1, Bak, Bax, Bcl-2 and Bcl-xL were analyzed by Western blotting after treated with indicated concentration of erianin. (**F** and **G**) SW480 and HCT116 cells were treated with erianin for 48 h, apoptosis was assessed using annexin-V flow cytometry analysis (**F**) or DAPI staining (**G**).

Erianin Inhibited β-Catenin Translocation {#s0003-s2003}
-----------------------------------------

Increasing evidence revealed that the Wnt/β-catenin pathway plays critical role in colorectal cancer tumorigenesis. We hypothesized that erianin might have effect in modulating the Wnt/β-catenin pathway. First, we investigated the effect of erianin on β-catenin phosphorylation. As shown in [Figure 3A](#f0003){ref-type="fig"}, no obvious change was observed on β-catenin phosphorylation level. We then evaluated the effect of erianin on β-catenin translocation. As shown in [Figure 3B](#f0003){ref-type="fig"}--[E](#f0003){ref-type="fig"}, β-catenin expression in cytoplasm was increased, whereas expression in the nucleus was decreased with the treatment of erianin in a dose- and time-dependent manner. To further explore the effect of erianin on β-catenin transcription activity, we performed TOP/FOP dual luciferase assay. We found that TOP/FOP relative luciferase activity was signiﬁcantly decreased after erianin treatment both in SW480 and HCT116 cells ([Figure 3F](#f0003){ref-type="fig"} and [G](#f0003){ref-type="fig"}).Figure 3Erianin inhibited β-catenin translocation. (**A**) The protein level of indicated proteins was analyzed by Western blotting after being treated with indicated concentration of erianin for 24 h. (**B**--**E**) The protein level of β-catenin in cytosol and nucleus was analyzed by Western blotting after treated with erianin for indicated concentration (**B** and **C**) and time (**D** and **E**). (**F** and **G**) SW480 and HCT116 cells were treated with erianin for indicated concentration (**F**) and time (**G**), the transcriptional activity of β-catenin was assessed by TOP/FOP luciferase reporter assay. \**P* ˂0.05, \*\**P* ˂0.01.

Erianin Bound β-Catenin Directly {#s0003-s2004}
--------------------------------

Since erianin inhibited β-catenin translocation to the nuclear without changing its phosphorylation level, we hypothesized that erianin might bind β-catenin directly. To determine whether erianin physically binds β-catenin, we performed a cellular thermal shift assay. The results from this experiment indicated that erianin treatment increased the thermal stability of β-catenin when cells were pretreated with the proteasome inhibitor MG132 for one hour ([Figure 4A](#f0004){ref-type="fig"} and [B](#f0004){ref-type="fig"}). In contrast, erianin treatment had no effect on the thermal stability of GAPDH, a loading control ([Figure 4A](#f0004){ref-type="fig"} and [B](#f0003){ref-type="fig"}). These results strongly suggested a specific physical interaction between erianin and β-catenin.Figure 4Erianin interacted with β-catenin. (**A** and **B**) SW480 (**A**) and HCT116 (**B**) Cells were treated with 10 μM MG132 for one hour followed by four hours incubation with 80 nM erianin before performing thermal shift assay. The lower panel shows the charts of percentages of nondenatured protein fraction.

Erianin Inhibited the Expression of c-Myc and Cyclin D1 {#s0003-s2005}
-------------------------------------------------------

As c-Myc and cyclin D1 are the direct targets of the Wnt/β-catenin pathway, we then evaluated the mRNA and protein level of c-Myc and cyclin D1. Unsurprisingly, both mRNA and protein level of these two proteins were significantly decreased after erianin treatment ([Figure 5A](#f0005){ref-type="fig"}--[C](#f0005){ref-type="fig"}). Interestingly, no synergetic effect was observed when combining erianin with Wnt/β-catenin signaling inhibitor-WNT974, which indicated that erianin regulates c-Myc and cyclin D1 via Wnt/β-catenin signaling ([Figure 5D](#f0005){ref-type="fig"}). Furthermore, the inhibitory effect of erianin on c-Myc and cyclin D1 expression and cell viability could be reversed by β-catenin overexpression ([Figure 5E](#f0005){ref-type="fig"} and [F](#f0005){ref-type="fig"}), which indicated that erianin regulates CRC cell growth via β-catenin.Figure 5Erianin inhibited the expression of c-Myc and cyclin D1. (**A**--**C**) After treated with indicated concentration and time of erianin, mRNA and protein level of c-Myc and cyclin D1 were analyzed by qRT-PCR and Western blotting. \**P* ˂0.05. (**D**) SW480 cells were treated with erianin or/and WNT974 for 48 h, protein levels of c-Myc and cyclin D1 were analyzed by Western blotting. (**E** and **F**) SW480 cells were treated with erianin for 48 h followed by overexpression with β-catenin plasmid for 24 h, protein levels of c-Myc and cyclin D1 were analyzed by Western blotting (**E**), and cell viability was assessed by CCK8 assay (**F**). \**P* ˂0.05.

Erianin Decreased CD47 Expression and Increased Phagocytosis {#s0003-s2006}
------------------------------------------------------------

The immune checkpoint protein CD47 is included in the list of Wnt/β-catenin target molecules with a role in immunity escape.[@cit0017] Since β-catenin depletion by siRNA inhibited the expression of CD47 ([Figure 6A](#f0006){ref-type="fig"}), we then sought to know whether erianin regulates the expression of CD47. First, we explored the effects of erianin on CD47 mRNA, protein, and cell surface level. In both SW480 and HCT116 cells, erianin treatment significantly decreased the mRNA, protein, and cell surface level of CD47 ([Figure 6B](#f0006){ref-type="fig"}--[D](#f0006){ref-type="fig"}). Promoter analysis by UCSC genome browser demonstrates that H3K27 acetyl marks are enriched in CD47 promoter regions ([Figure 6E](#f0006){ref-type="fig"}). Next, our ChIP assay demonstrated that H3K27AC enrichment specifically near promoter region F3-F5 was significantly decreased with erianin treatment ([Figure 6F](#f0006){ref-type="fig"}). To investigate the effect of erianin on CD47 mediated phagocytosis, we used an in vitro assay by co-culturing THP1 derived macrophage with CRC cell lines SW480 or HCT116. As shown in [Figure 6G](#f0006){ref-type="fig"} and [H](#f0006){ref-type="fig"}, treatment of erianin markedly promote colorectal cancer cell phagocytosis by macrophages. These results suggest that erianin treatment can attenuate CD47 expression and ultimately promote phagocytosis of CRC cells.Figure 6Erianin decreased CD47 expression and increased phagocytosis. (**A**) SW480 cells were transfected with nontarget (NT) or β-catenin siRNA for 72 h, protein levels of indicated protein weres measured by Western blotting. (**B**--**D**) SW480 and HCT116 cells were treated with erianin for indicated dose, the mRNA level (**B**), protein level (**C**) and cell surface CD47 (**D**) were detected by qRT-PCR and flow. (**E**) The UCSC genome browser revealed the enrichment of H3K27AC on CD47 promoter. (**F**) The enrichment of H3K27AC on CD47 promoter (F1-F6) was detected by ChIP assay. (**G** and **H**) SW480 and HCT116 were treated with indicated concentration of erianin for 48 h, representative images showed the effect of erianin on phagocytosis (**G**) and bar graphs showed quantitative analysis of phagocytosis (**H**). \**P* ˂0.05, \*\**P* ˂0.01.

Erianin Inhibited Tumor Growth In Vivo {#s0003-s2007}
--------------------------------------

To investigate the possibility of erianin as a potential therapy in CRC, we tested the function of erianin on tumor growth in a mouse model. The mouse model was established by s. c. injection of SW480 cells into NOD/SCID mice. After three weeks treatment, we analyzed the tumor size and weight. As shown in [Figure 7A](#f0007){ref-type="fig"}--[C](#f0006){ref-type="fig"}, the tumor size and weight from the erianin treatment group were significantly lower than that from the control group. In addition, after 28 days of bearing tumor, the weight of the mice had no significant change ([Figure 7D](#f0007){ref-type="fig"}).Figure 7Erianin inhibited tumor growth in vivo. (**A**) Typical photos of tumors from the control and erianin treated groups. (**B** and **C**) Erianin decreased tumor volume and weight. \**P* ˂0.001. (**D**) Mice body weight of control and erianin treated groups was measure at indicated time. (**E**) The protein level of β-catenin in cytosol and nucleus in three representative tumors from mouse \#1 to mouse \# 3 of each group were analyzed by Western blotting. (**F**) The protein level of indicated protein in three representative tumors from mouse \#1 to mouse \# 3 of each group were analyzed by Western blotting.

To examine the impact of therapy on β-catenin and its downstream signaling, localization of β-catenin, protein level of CD47, c-Myc, Bcl-2 and Bax, three representative tumors from each group were analyzed using Western blotting. As shown in [Figure 7E](#f0007){ref-type="fig"} and [F](#f0003){ref-type="fig"}, β-catenin expression in cytoplasm was increased; whereas expression in nucleus was decreased with the treatment of erianin. The protein level of CD47, c-Myc, and Bcl-2 decreased, while Bax increased after erianin treatment. These data indicated that erianin inhibited tumor growth via β-catenin in vivo.

Discussion {#s0004}
==========

CRC is one of the most malignant and commonly diagnosed solid tumors all around the world.[@cit0018]--[@cit0020] Although CRC incidence rates have declined somewhat, chemotherapies are inefficient in most CRC patients due to the development of acquired resistance.[@cit0021],[@cit0022] Thus, researching novel and safe treatment strategies is essential for improving the prognosis of CRC patients. In recent years, natural medicinal plants are receiving more and more attention, and considered to be important sources of novel therapeutic drugs for cancer treatment.[@cit0023] *Dendrobium* is considered as one of the most important herbs in the *Orchidaceae* family, and shows diverse pharmacological functions including anticancer, neuroprotective, antidiabetic, and immune-modulating activities.[@cit0024] Erianin, derived from *Dendrobium*, is one of the most noteworthy constituents that have been used as an antipyretic and an analgesic in traditional Chinese medicine.[@cit0025] Recently, several studies have proved that erianin shows significant antitumour activity in a variety of human cancer cells.[@cit0010]−[@cit0016] Consistent with literature, in this study, we found that Erianin had a significant antiproliferative effect against CRC cells. The inhibitory effect caused by erianin may result from induction of apoptosis and arrest of cell cycle at G2-M. Since the effect of erianin on CRC cells has never been studied before, we further confirm its antitumor activity in a mouse model, which indicated that erianin significantly inhibited tumor growth in vivo.

Several signaling pathways, including EGFR/MAPK, PI3K/AKT, or Wnt/β-catenin have been linked to CRC genesis and progression.[@cit0026] As the aberrant activation is present in almost all CRC cases, Wnt/β-catenin signaling is prominent among these pathways.[@cit0027] Inactivated mutations in the *APC* gene leads to stabilization and ensuing nuclear translocation of β-catenin to facilitate TCF/LEF-dependent transcription of Wnt/β-catenin signaling target genes, such as c-Myc and cyclin D1, to drive cell proliferation, survival, and metastasis.[@cit0028]--[@cit0030] To understand the mechanisms of action of erianin, we assessed the effect of erianin on Wnt/β-catenin pathway. Interestingly, we found that erianin treatment had no effect on β-catenin phosphorylation, but inhibited the translocation of β-catenin in the nucleus, which suggested to us that erianin physically interacts with β-catenin. Our cellular thermal shift assay confirmed this hypothesis, the thermal stability of β-catenin increased after erianin treatment. As β-catenin downstream targets, the expression level of c-Myc and cyclin D1 significantly decreased after erianin treatment.

CD47, a transmembrane glycoprotein, expresses ubiquitously and mediates a "self/do-not-eat-me" signal on normal cells. However, CD47 is often upregulated in tumor cells to evade innate immunity.[@cit0031]--[@cit0033] Anti-CD47 antibodies, which block CD47- SIRP-α interactions and promote macrophage-mediated phagocytosis of tumor cells, has shown promise in several solid tumors.[@cit0031] In colorectal cancer, CD47 promotes colon cancer cell migration and metastasis.[@cit0034] In addition, upregulated immune-escape pathways, such as CD47- SIRP-α, are responsible for immune escape and survival in circulating tumor cells of colorectal cancer.[@cit0035] *MYC*, an oncogene identified as a Wnt/β-catenin target gene, was reported to control CD47 transcription. Therefore, mutations in components of the Wnt/β-catenin signaling pathway, which induced aberrant *MYC* expression, increased the expression of the CD47. In contrast, *MYC* inactivation led to a decrease in the expression of CD47, and caused the accumulation of tumor-associated macrophages.[@cit0036] As erianin inhibited the transcriptional activity of β-catenin and c-Myc expression, we believed that erianin could also inhibit CD47 expression and phagocytosis. As shown in [Figure 6](#f0006){ref-type="fig"}, erianin inhibited C47 expression by decreasing the H3K27 acetyl marks enrichment in CD47 promoter regions. Consequently, macrophage- mediated phagocytosis improved.

Conclusion {#s0005}
==========

Overall, erianin showed dual effects on cell growth and phagocytosis in human colorectal cells. This is the first study to investigate erianin's function in colorectal cells and we can infer erianin as a promising anticancer agent.
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